We prove that the amplitudes for the (d, p), (d, pn) and (e, e ′ p) reactions determining the asymptotic behavior of the exact scattering wave functions in the corresponding channels are invariant under unitary correlation operators while the spectroscopic factors are not. Moreover, the exact reaction amplitudes are not parametrized in terms of the spectroscopic factors and cannot provide a tool to determine the spectroscopic factors.
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Introduction.-Since the dawn of nuclear physics (d, p) reactions have been the main tool for extracting spectroscopic factors (SFs) (we call them phenomenological SFs), which were compared with predictions of the independent-particle shell model (ISPM) (see [1] and references therein). Later on electron-induced breakup reactions (see [2] and references therein) and nucleon knockout reactions (see [3] and references therein) became new tools to determine the SFs. Reduction of the phenomenological SFs deduced from the (e, e ′ p) reactions compared to the IPSM ones has been discussed in [2] . Recently a similar reduction has been observed for the SFs determined from the analysis of the single-nucleon knockout nuclear reactions [3] as well. There are different possible sources of this reduction: the single-particle approximation to the overlap function, antisymmetrization effects, an ambiguity of the optical potentials, accuracy of the DWBA, contribution of the coupled channels or the effect of the short-range N N correlations.
In the IPSM the model wave functions are given by the linear combination of the Slater determinant wave functions. However, the such model wave functions don't take into account short-range N N correlations caused by the repulsive core in the N N potential. In [4] the so-called unitary correlation operator method (UCOM) has been developed, which allows one to correct the IPSM taking into account the short-range repulsive N N correlations by applying unitary correlation operators (UCOs) onto the trial functions. In this work we consider the effect of such short-range correlations and demonstrate that the exact reaction amplitude is invariant under finite-range unitary transformation of the wave functions.
(d, p) reaction amplitude.-We start our consideration from the deuteron stripping reaction A(d, p)B. Its amplitude in the post-form is given by M dp =< χ
Here Ψ (+) i is the exact d + A scattering wave function which has outgoing waves in all the open channels and satisfies
is the distorted wave in the exit p + B channel. It is a solution to (
f , where T pB is the kinetic energy operator for the relative motion of the proton and the center of mass of nucleus B while T B is the kinetic energy operator for internal motion of the nucleons in nucleus B. In addition, ϕ B is the nucleus B bound state wave function and V ij is the interaction potential of nuclei i and j, U ij is their optical potential, V B is the interaction potential of the nucleons in nucleus B. Note that the potential V pB may consist of the sum of the two-and three-nucleon forces. In the paper we will take into account only two-nucleon forces, i.e. V pB = V Eq. (1) represents a conventional expression for the (d, p) reaction in terms of the volume integral. Recently we have developed a new surface-integral based formulation of the reaction theory with charged particles (see [5] and references therein). Transition to the surface integral in Eq. (1) can be achieved by replacing the potentials in the transition operators by the kinetic energy operators. Below we demonstrate it in a few simple and transparent steps. First we rewrite Eq. (1) as
where − → T ( ← − T ) the total kinetic energy operator acting to the right (left) and
Using Eq. (3) we demonstrate that the exact reaction amplitude M dp is invariant under finite-range unitary transformation of the wave functions. Such transformation has been developed in [4] to take into account short-range nucleon-nucleon correlations. The problem is that in the IPSM, which is used to calculate SFs, the nucleus wave function is given by the linear combination of the Slater determinants. However, finite number of the Slater determinant components cannot reproduce depletion of the nucleus wave function generated by a strong short-range repulsive core in the N N interaction, i.e. the exact wave function contains components in the subspace Q beyond of the model space covered by the IPSM components. As mentioned above, the unitary correlation operator method was developed [4] in order to take into account effectively the repulsive core in the N N -interaction. The correlated wave function in the UCOM can be obtained from an uncorrleated state (linear combination of Slater determinants) using the unitary correlator Ψ =ĈΨ. Here,Ψ is an uncorrelated state,Ĉ is the unitary correlation operator (UCO) given by [4] C = e −i G , where G consists of the radial and tensor terms and can be written as G = i<j g(ij). In this paper we restrict ourselves only by the two-body operators g(ij) assuming that the higher order terms give negligible contribution, although the final result is valid for higher order correlations as well. Note that the two-body correlator can generate three-and higher order potential terms even if the initial potentials are two-body ones [4] . By definition each g(i j) depends on the distance between nucleons i and j. It is designed to shift away nucleons from the classically forbidden region (≈ 1 − 1.5 fm) generated by the repulsive core and disappears in the clasically allowed region, i.e. g(i j) is a short-range correlator quickly going to zero as distance between the correlated nucleons increases. Similarly three-body correlator disappears when one of the three correlated nucleons is moved away from the correlated volume.
Evidently, the application of the UCO conserves the norm < Ψ|Ψ > = <Ψ|Ψ > and the asymptotic normalization coefficient (ANC), which determines the amplitude of the tail of the radial overlap function of nuclei A and B = (A n) (for simplicity we consider the neutron ANC):
where integration in the matrix element < ϕ A |ϕ B > is carried over all the internal coordinates of daughter nucleus A; κ is the neutron bound state wave number and r nA is the radius connecting n and the center-of-mass of nucleus A. Assuming now that both wave functions ϕ B and ϕ A are correlated we get from Eq. (4) that
where we used the cluster property of the UCÔ
Here, C B is the UCO between nucleons of nucleus B and C nA is the UCO between neutron and nucleons of nucleus A.
From the definition of the SF
we can conclude that the SF, in contrast to the ANC, is not invariant under UCO. Now using the surface-integral formulation for the reaction amplitude we will prove that the reaction amplitude is invariant under short-range unitary transformation of the wave functions. Let Ψ (+) i to be the correlated wave function in the initial channel (i.e. it contains the incident d+ A wave), which is related to the uncorrelated state Ψ can be written in terms of the uncorrelated one as
Now we can rewrite M dp =< χ
Note that the distorted wave χ
cannot be considered as a correlated wave function because it is a solution of the Schrödinger equation with the optical potential, which depends on the distance between the proton and the center-of-mass of nucleus B and doesn't have shortrange repulsive core. We can distinguish between the outgoing proton and nucleons belonging to B because there is no antisymmetrization between the outgoing proton and nucleons of nucleus B, i.e. one can tag the outgoing proton. Once the transition operator is expressed in terms of the difference of the kinetic energy operators we can apply the Green's theorem and transform the volume integral into the surface one [5] . We rewrite the total kinetic energy operator T as T = T pB +T B . Since in the bra state we have the bound state wave function of nucleus B the transformation of the volume integral over internal coordinates of nucleus B and extending them to infinity leads to the disappearance of the term < |(
| > disappears is to use the fact that, due of the presence of the bound state wave function of nucleus B in the bra state, the operator T B is hermitian. Therefore, taking twice the integration by parts we can transform ← − T B to − → T B resulting into expression M dp =<Φ
Now we split the volume integral (10) into two parts:
M dp = <Φ
=M dp | rpB ≤R + M dp | rpB >R .
Here r pB is the radius-vector connecting p and the centerof-mass of nucleus B. The first term in Eq. (11) describes the volume integral, in which r pB ≤ R , while the second term determines the contribution of the volume integral in which r pB ≥ R. We choose the radius R large enough, so that at r pB ≥ R the UCOĈ pB = 1. The internal volume integral we can transform into the surface one over the coordinate r pB using the Green's theorem
where µ is the reduced mass of the interacting particles. Taking into account Eq. (12) we can rewrite M dp as M dp = M dp (S) | rpB =R + M dp | rpB >R .
Here, M dp (S) | rpB =R is the reaction amplitude in which the volume integral over r pB is replaced by the surface integral taken over Ω rpB at r pB = R. The integrations over all other independent coordinates are carried over without limitations. The operatorĈ pB is expressed in terms of the two-body operators g(p j), which connect the proton and nucleon j ∈ B. Each g(p j) consists of the radial and tensor parts, which depend on r p j = r pB − r j . Here, r j i s the radius-vector connecting nucleon j and the center-of-mass of nucleus B. Since in the final state nucleus B is in a bound state, the integration over all r j , j ∈ B, is limited. Hence at large enough r pB radius r p j will also be large enough to exceed the correlation radius, i.e. g(p j) = 1. Thus at large enough R the UCÔ C pB can be replaced by unity, i.e. M dp (S) | rpB =R becomes insensitive to the UCOs. The second term, M dp | rpB >R , is the reaction amplitude in which the volume integral over r pB is taken from r pB = R and all the integrations over other independent variables are carried out over the whole configurational space. Thus starting from the traditional expression (1) and using the surface integration we have proved that the exact (d, p) reaction amplitude is invariant under the finite-range unitary correlations.
The invariance of the reaction amplitude is true only if the exact formulation is used, i.e. the exact wave function in the initial state (the post-form) or the exact final state wave function (in the prior-form). The asymptotic behavior of the exact wave function is given by the incident wave plus the elastic, inelastic, rearrangement and breakup scattered waves [6] . The amplitude of each scattered wave is the reaction amplitude for transition initial channel i → the final channel corresponding to this scattered wave. For the rearrangement channel A(d, p)B the amplitude of the outgoing wave in the exit channel is the reaction amplitude given by Eq. (1). The knowledge of the exact wave function for the collision d + A assumes that we know its asymptotic behavior in all the asymptotic regions [6] , i.e. we know the amplitudes of the all opened rearrangement and breakup channels.
The invariance of the reaction amplitudes under the UCOs is understandable: these amplitudes determine the asymptotic behavior of the scattering wave function which is not affected by the finite range UCOs. Although we have proved the invariance of the asymptotic behavior of the wave function in the two-fragment channels below we prove that it is also the case for the breakup reactions. Thus, the exact reaction amplitude cannot be used to determine unambiguously the SF which is not invariant under UCO. Moreover, the exact reaction amplitude is not parametrized in terms of the SF, which can be calculated as the square of the norm of the overlap function or using the method discussed in [7] . In contrast to the exact approach, the conventional DWBA is not invariant under UCO. The DWBA is designed to determine the phenomenological SFs by comparing the calculated differential cross section with the experimental one. To express the DWBA amplitude in terms of the SF drastic approximations are done for the initial exact scattering wave function and the transition operator V pB . In particular, in the initial scattering wave function only the incident wave is left, while all other opened channels are neglected and coupling to them is taken into account only effectively in terms of the initial distorted wave. The approximation of the initial scattering wave function by the channel wave function
in Eq. (10) leads to zero for the reaction amplitude, in which transition operators are written in terms of the kinetic energy operators: once we write the transition operators in terms of the kinetic energy operators, the volume integral can be transformed in to the surface one and the radius of the surface should be large enough to encircle the volume in which reaction occurs. To calculate the surface integral the correct asymptotic behavior of the exact scattering wave function is required. Moreover as the radius of the surface goes to infinity (for the (d, p) reaction it would be r pB = R → ∞) only the contribution from the outgoing wave in the exit channel p + B will survive for the (d, p) reaction but this wave is missing in the DWBA.
Let us write now the DWBA reaction amplitude (in the post-form) taking into account UCOs: M DW dp 
Since the (d, p) reactions are dominantly peripheral (about 70 − 80% contribution to the reaction amplitude comes from the nuclear exterior), the probability to find the transferred neutron close to nucleons in A at distances of the range of the UCO is negligible [9] , i.e. the effect of the correlatorĈ
nA on the DWBA amplitude can
